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JttTICHAL AOTISCRT COMTTTFE FOB AZS0HAUFIC3 

ABVAECE COI'FIPIKTTA.L IffiPCET 

WiaD-T"F.P!X IflVEGTTGATIOn OF A LCW-ISAG 

AWOH, 3FCTT0;: WTTK A DCUBJ.E •Tr.-OrHS FLAP 

By Soj-mour M. Bogdoiioff 

SUMMHY 

Teste of a O.JOT- clord doulilo-rlottod flnp on an KACA 
63/3-113, a » 1.0 ai-fon section h'tve been rmdo Jn tho HAOA 
two-dimenrional low-turtulcnco t-amel and tli3 UACA two- 
Ainensioncl low-iurbalcuco iTorsuro tunnel.    The parpone of 
the ir.veo1:?.Rntion vis to determine  tl'e Hit, f-rs.r.M end pitchlng- 
motaont chavaotrrintlcc for a r-ivv; of i'.lap dcfj-uctloiis.    The 
rerults indicate that th9 combination of a lov-dj-a(j aii-foll 
and a douVlo-slotted fir.? of viiich tlio tvo Tnrta roved on n 
single unit fTive hi'-hor imximan lift coofflclentB than l'-uve 
boon obtained with ple.in , pplit, or plotted flaps on low- 
drag airfoils.    The maximum lift coefficients were almost as 
high es those obtained on conventional oirfoilo of about the 
some thii&nocs wi-h. o.l;0-chord vonetinn-bllnd end double-clotted 
flrps.    The pitching moments vero comparable to tlrooo obtained 
with othor hi£U lift dovicep on conventional airfoile for 
similar lift coef/icionte. 

mrocroucTicH 

The I'ACA Las for some tiae be^n investigating nirfoilo 
equipped with high lift devicor for the purpoce of improving 
the perfor.aano characteriiiticr of tlicso airfoils. The rcaulte 
of torts of loir-drag airfoils oquippod witli plain, aplit, 
or slotted flaps 'TOVO b^on proconted in roi'crenco 1. The 
rorults of roforencea a and 3 rhow that, on conventional air- 
foiln, tlio LlQliest lifts huvo been obtained rfitli largo-chord 
Tonetien-blind and double-slotted flpj>a. Tho probent Inves- 
tigation was nado to dotorralno the Hit, dra,3, and j.itchin£- 
momeut charactorirtirc of a low-drar; airfoil with a double- 
slotted flap at vcrious flap deflections. In addition, tho 
optimum position for maximum lift and tho flap path woro to 
be found. 
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'Xhe tlrfoil section te~ted, on W.Ci.1 65,3-113, a « 1.0 eoctloa, 
VM e«i»l?po' vlth a 0.309-cliorv. doutlo-alo .ted. flap.   She ving 
SKI'?«1, t-oilt of vsod unl reinforced vlth steel ro^.3, had a afc-lnch 
chord end vao palate 1 and 3-ndod to produce oerodTnuiically smooth 
surfacei.   Kie elrfoll or&iiwtes are presented In title I and a 
sketch of t!ie ncdel It shown in figure 1. 

Ihe to>*le-slotted flap vua cede of alaiinua and consisted of 
tvc p-irta •   fflio fcavird '^.wrtlan, £dsl£nated the fore flnp, vao 
se^ar.tol froa the oain iiart, designated the roar fl'-p, ty a 
cooonwnv slot.   Bio ordinates for the fore flap end rear flap are 
presenter in Wble XT.   Hie doutle-slot ed flip operated as a single 
unit, vlth no rolativo action te veer, the foro flap end the rear flap. 
lho operating noohanlEai Jid octutruotlon vis slnllar to that of en 
oriin xy slotted flap.   The l'nc lover lip completely closed ell ga?e 
«oi    .1 u.  tfion tho '..uhle-'slctte; flap via retracted.   Ihe flap 
urrongenont end pivt. points are shorn in figure 1 for the flap 
retracted and deflected 650 •   2ho contour of the airfoil cut-out any 
to ottainel ty follovlns the fl~p outline rlong the flap path. 

TEST xnocEnnB1 

Vo3ta vera mrido cf tho iao£el la.the TJJSk tvo-dineaslcnol lor- 
turtuleaco tunnel eni the E/.CA. tvo-dimsaslon'tl lov-turbulehce pressure 
tit-mel.   Section lift coefficients.vero ctt&inod ty ceacureoent of the 
lift roiction on the fl.01* .">nl celling of tho tunnel, and section 
drug coefficients V04.*e ot kilned ty the woJce-aiinroy nsthod •   l?o drag 
coicurenanta vere w.do for flap dofltctions   Of   shove 35° because, 
<<t oonslderahlo spantflao variation of \ta&»   Pltohing-ar.aant coeffi- 
cients    Oj^/'^   wove ueasured ty .IB?JIO of a c J.lbrated torirae rod end 
voro taken nbcut the quarter-chord point, of the airfoil. 

*At tho tine this report w orlcln'ally published, sons of the 
corrections required fov reducing tho teak (Sena to free-air conditions 
haii not teen dotontfne...   5Jie vilues of eeotlcn lift ooefflolent   0j 
(figs. 2 to J) should to corrected ty. the equation 

'1/ ,« " O.9650, + O.0330,        ,_ '(corrected) »  . '«D»-1° 

Vitero   Cj ,0    Is tho luicorrected section lift oeffiolent at section 

ancle cf at'-act of    -1 . 

'y 

•»   :.   
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rrcliniziiry tca';n vcro mado to dctoiair.3 tho bent poniticn of 
the foro flu.r rclitivo to Lre rour iOap o»i tho IvniB of nrinuc 
eocti<'n lift coefficient   Cj cbtajnofl rvt .-. flap doriection 

of 65°.    This mir/ey of fore-flap jroaition van Vultod to  thouo 
pojition.1 it vhich the flap cv\Cd to retracted w.'.thout having tho 
foro flap protrudo oojonil tho -v'rfoil aiu-fiico.    Tho rojir "lip and 
foro flip wore then firoa in tlio Vo^t nJalivo pool lion djc1 tho 
pivco.'ure woo rcpontod for tho uilt.   Tho flap path vaa oc cii?con 
that, at 1*5° dofloction, U10 flap waa in a pooiticn at vhlch both 
clota were offuotivo aid, at 650 cloflootion,  U10 fl-p wa;i in a 
poaition .it vhlch mxlmix. lift v.a >xachod.    Ono pivot po^Jit waa 
ujod for flop dcflectiouc up tc U50} whcroj.8 onothor pivot poini 
Van unod for doflectior.i frcra 1(5° to 650.     (3fcO fig- !•) 

Lift, drac, and pitchlnG noupntn wore obtained for fl'.p 
^oi'lOL-tiura ranclnc from 0° to 630.   Lift pud dr"fe d&t.'i woro tbtainod 
at a Reynolds nunber cf 6,0C0,C0O and pitchiiig-n.-uicit data vsro 
obtainod at a Roy;ioliU: niunbor of '(,'>C0,COO.    Scale 01'foct on raazintn 
lift waa found for a ranro of l!c;   ->ldo uu-iiborj fro* k,000,000 
to 9,000,000. 

TEa'LTC AKD 'UF'TBCJOi; 

Tho reaulta of tho flip-positinn ourvey of the doublc-slottod 
flap Cor tho flap pojjtion that wouli* c'vo BRsioiua lift ore pi-ojcntod 
in figure 2.    Jiectlon lift oharactcristico for tho combination with 
the flap dol'loctod thi-ou^i & rorgo of anftloa from 0° to 6j& are 
proaontod in figure 3 for a Eejnolda nuaber of a^prcTiia-toTy 6,000,000. 
Tho m-ucinum election lift coeffic'.cit obtained waa 3 .':0 at a flap 
dofloction of 650, at which pn i; ;rc;icnt  in maximum lift c< oCTicion'.. 
of about 1.79 woa obtained.    Connie; to d^ta IV"" only cno fioutlo- 
olottod flap arc proaontod, but previous unpublished triuta h ivo 
chown that a dooroano in chord or t^o foro flap gavo a ficcro iao in 
tho maxinun lift obtainable.    The acule affect on miiyiisun lift oooffl- 
oiont waa found to DO r.OfJLiRiblc ovor tho rivi(jc of Krynolde nvriborj 
tooted.    Tho onall Jopa in tho lift curves, wliich api-oar for the 0° 
and 10° flap dofloctiona,  do not occur at tho hicJ.or dofloctims. 

Sostion liras characteriatico for tlio ccniblnation for flip 
dofloctionj frou 0° to yj'* aro prtaontod .1ii flpiro h.    Thane teato 
wore run at a Eoyncldo nutribor of * pproxicatcly 6,000,000.   i'cr O.o 
flap rotrac^d and doi'leotod 10°, fairly lev drn(j coofficltnta aro 
obtainatlo ovei- a ranpo of lift oroiTioj.cit.u fror. atiout -0.2  Lo 0.8, 
which Jnoludoj tho normal hieh-apood and srulaing-flight coniitiom. 
T".io relatively low dr^g ottaincd "or the 350 deflection iJ proealily 



1 
rrelinlnary tontn voro ouflo to dctonnlno tho beet ponltlcn of 

tho foro flap rctitivo to  Lro roar f3ap on thr> b-»sl". of ivxlnua 
eocti<<n lif t coefficient   Cj^^    ibta:!noo r.t o i'lap do?lectiin 
of 65°.    This autvcy of fore-fla;> voniticn van milted to  tlnso 
position*  »t which U10 ilap could bo retracted without having tho 
foro flap protrude bojond tho ei'rfoil ma-fiico.    Cho roar "lap and 
foro fltp woio then fixol tu the bo^t roOative position a.i<? tho 
precoJuro woo ropoatod Tor tho unit.   Tho flip path vaa 00 ciionen 
that, at 1*5° doflection,  the fli-p was In a poalticn at vhlch both 
plutj woio offoctive arid, at &}° ocfloution,  tho fl-.p wa.i In a 
position .it vhich nax]muir. lift «ai rcachod.    Ono pivot po4.nt voa 
ujod for flop <ltifloctloiio up to U50} whcre-in inothor pivot polnl 
•war. aroi. for *rfl*cttoa« from 1*5° to 650.     (3oe fig. 1.) 

Lift, dr.ic, and pltchinc no^cntn were obtained for fltp 
^ellou flora r.-u^cliC froia 0° to 6j°.   Lift mid ant; aat.'i woro obtainod 
at a Kcyiioldc imnbcr cf 6,OC0,COu and p*.tclil'.ig-a:'na.it data voro 
obtained at a I!cy;ioldo munbor cf 't,%0,COO.    Scale 01'foct on inaalmm 
lift vaa found for a lunco of l!e;   ildo lmifljcrj from 4,000,000 
to 9,000,000. 

nsaxTC AI:D 
THPfTJsr;Tor 

The ronulto of tho flap-poslti.Tn survey of tho doutlo-oluittpd 
flap Tor tho flap pojition that v-iuli* c'vo masiaria lift <ji"e proionted 
in figure 2.    Uoctian lift rharactcristica for tho combination with 
the flap do'"loctod through a rargo of anplon from 0° to 6}° are 
proaontod in ft.&ure 3 for a Heynolda naag)«lr on" apprcriuvtcly 6,000,000. 
lho m-uclium ae^tion lift cooffic'ont cbtrlnod vaa 3 .'lO at a flap 
dcfloction of 650, at v;iich en loaraMnt in anzimum lift or o?riclcnJ. 
of ebout 1.79 woo obtained.    Crmploto d-Ua for only cno doublc- 
nlottod flap arc proscnted, but previous unpubli-.hed touta h-ivo 
ehovn that a doorotuio in chord of t^o foro flap gavo a ficcreioo ]r. 
tho maximum lift obtainable.   The ac(Je effect on murLnani lift coeffi- 
cient waj found to bo rxc-J-iRible ovor tho ron&c of Keynoldc mviibor* 
teotod.    Tho onall Jopo In tho lift curvea, which ajipoar for tho 0r' 
and 10° flap dofloctionj,  do not occur at tho hicJ.or doflootitn^. 

Kcctisn drac characteriatics for tho ccuuriiritlon for flip 
dofloctlona frtiu 0° to yp aro prcsontod ta flpire k.    Thor-e teats 
wore run at a Roynoldo nurber of 1 rproxiEntcly 6,000,000.   J»ov tho 
flap rotractod and ftoflectod 10°, faii'ly lov di"!f! coofficicn+a ai-o 
obtaliiJblo over a rtuifo of Oi't croxficiento from about -0.2 to O.Q, 
w'lich Inoludci tho norma]. Jiijjh-apood and orulolBf-fllght conlitiom. 
Tlio rolativoly lov dri<3 obtained ?or tho 35° deflection ij probably 

^ 



due to tho e3tahli3te:ont ef snooth flov through tho mcin slot. 
At a flap deflection of 3V, a ooctlon lift-drag of approxinatoly 
170 ray tie obtained at c lift coefficient of about l.o. 

For deflections above 35° no drug mcBGureiaente vere taken, 
hut visual observation of the vake-pu.-vey iiKnouetfr Indicated 
that tho drags were not excessive. The high lifts with com- 
paratively low drags ere the result o? unstalled flowo over tho 
flap, as was Indicated by tuft surve; B which showed, no Depur- 
ation of the flow over tho flap UT> 11  ». deflection of 65°. 

Section pltalilnf.-nonont .'Liracti.ristics for ti»e nln'oil- 
flap combination for nil flap deflections tinted arc nrestnU-d In 
flGui* t). Ali.houf;h pltchlng-noinont coefficients woro Buitouix.il 
at a r.eynslds number of 4,500,00(1, lltMe change In these e'lar- 
act.rlatlos Is exacted for otfc*!' Itoyijolda munborra besau.ie 
previous trstn of elotted fl'V3 on low-drag villas (roferonco 1) 
hivo shown that, for lli'to bjlow maximum, seals cfi'ect 011 
pitching moments lo very small. 

The double-slotted flep tosted gave a lift coefficient 
higher than thoso obtained on the low -drac elrfolln with plain, 
split, or slotted flaps reported In reference 1. The O.3O9- 
chord double-plotted flap tested on rr. lS-porcent-thlcfc lew- 
drag airfoil gavo lifts almost or high as tho lifts obtilnod 
on conventional 1?- and 21-percen-*--thick airfoils with 0.1»0- 
chord Venetian blind and double-slotted flaps (rcferencos 2 
and 3). The Increment In maximum lift wao 1.79 for the low- 
drag airfoil end approximately 2.00 for the conventional slrfolls. 
With tho flap retracted, tho double-elotted flap tested gave 
plain-wins section drag coefflclenta without tho need of folding 
doors to close gaps and slots. The pitching moments chown in 
fiffire 5 ore ef about th& .'one oegnitude ee pitching moments 
obtained for the 0.1»0-chord venetian-blind and the double- 
slotted flaps of referencoe 2 and 3. 

concnraiora 

Prom th.9 results of the toets oi" ft 0.309-chord double- 
slotted flap on en IIACA 65,3-'l3, a • 1.0 eirfoil, tho 
following conclusions vero reached: 

1. Tho double-clotted flap testoi pivo lift coeffi- 
cients higher than those that havo been obtained on MCA 

^ 



lav-drag airfoils with plain, split, or slotted fl*p3 and did not 
affect the low-dug charactarlntico of tlio viny with the flvij refracted. 

ii. Tho combination tested aljo off ore! low toi?, and. oof onto 
lift fir the cruising condition -iud f Urly low di-ng and hich liVt 
for toko-off ?nu olinib conditions. 

3. Tho lift coefficients obtained with tho 0.309-choru diiVble- 
slotted fl'ip wero tilnr :o aa hich ".s thoi;o oTito.ineu wj.th largor-chord 
vonetian-'blind Jid doublo-clottoi. fl'ips on conventional airf-jila of 
approxinntely tho onrao thickneaa as t-ie lov-fuwg  ilrfoil te3'..o<r. 

I*. Tho hJ.^h lift coofficien.a obtained w.Uh the 0.309-chcrd 
double-3lct..od flip wero a,-,coiiroanied hy high vitaliing nk-raouts, which 
were conycr-Ale to th-.'se obtainot. -..•tth i--ther high lift devices 
givint similar naxlutun 11*-: coeffi ientj'. 

Langloy Memorial Aeronautical Latc-.r. icry, 
rational Advisory Ccnaittoe fir Aeronautics, 

Langley Field, Va. 
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XABLE I 

CRD1HATES FOR OP* I"VCA 65,3-118, a - 1.0, AIHFOIL 

[station and oi-dlrj.uu In percent of airfoil chord] 

Upper eu-fare Lov'—  surfnco 

Station 
•• —   J 

Oi'dlnato S+ati on Orc'.lnate 

0 0 0 0 
.1<W* 1.3UG .556 -1.298 
.638 1.633 .812 -1.563 

1.18c -.057 :.3?o -1.9*9 
2.1*21 F.B'X) e.f79 -2.631* 
i*.rao 1.538 . r.090 -3.6/2 
7.**C6 4.51? 7-59't -i*.!*88 
9.905 5.6^1 io.095 -5.165 

l!*.90O 6.903 15.091 -6.231 
19.918 7.832 eo.082 -7.036 
el*. 929 8.5M •    r>5.071 -7.61*5 
89.9*2 9.0?U 30.058 -8.08P 
3*.95o 9.333 55 .OV* -8.353 
29.971 9.y>& 1*0.029 -8.1*5:- 
U.986 9.1*-"> 1*5.01!* -8.^63 
50.000 9.11*5 "-IO.OOO -3.0!ll 
55.013 e.593 ^.r87 -7.1*97 
60.021* 7.653 59.976 -6.781 
65.038 6.965 61*. 963 -5-935 
70.037 5.972 69.963 -5.000 
75.039 !*.O0U ''1.06I -U.C08 
00.037 3.7S3 "'.•.963 -2.99° 
85.032 2.661 a*. 968 -1.1,69 

:     90.023 1.58s; 89. XT -I.066 
95.012 .650 9lf.'B3 -.33* 

100.000 0 l-.0.v.i.\i 0 

leading edce radius - 1.92 

Slope - O.Ofc 



TABLE II 

CSDIHATES FOR A 0.309-CHCBD DOUBLE-SLOTTED FLAP Oil 

AS IWCA 65,3-118, a » 1.0 AIHFOIL 

[Station anl crCiiiates in percent of airfoil chord.] 

Torn flap 

Station 
siirt'nno I surface 

69.033 
agg-lO't 

69-167 
65*. 375 
6?.5P3 
yC'.OOO 
70.833 
7E.063 
73.333 
7»t.5P3 
75.206 
75.J>33 
76A58 
76.875 

-3.1--5 
-3.5^ 
-S.UlY -3.721' 
-1.7!* -U.1C4 
-l.t5R -i*.3j{ 
-.7')8 A, 500 

.133 -fc.foS 
l.i"50 -^.703 
l.'iA .£9S 
1.55* I.U3R 
2.1*5 1.171 
g.S5i-' 2.C-U" 
S.3'.'5 2.P92 
2.1)30 5>.«HY 

Bear flrp 

Station 

75.c/'3 
75.833 
TJ.'OO 
77.0o2 
78.105 
79-167 
81.850 
83.-333 
85.U17 
87.5«J 
SO.OPj 
95.012 

100.000 

"Reference point for fir;. 2 
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ABSTRACT: 

Tests were made of an 0.309-chord double-slotted flap on an NACA 83, 3-118, a = 1.0 
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coefiictents than have been obtained with plain, split, or slotted flaps on low-drag air- 
foils.   Pttchlng moments were comparable to those obtained with other high-lift devices 
on conventional airfoils for similar lift coefficients. 
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Tests were made of an 0.309-chord double-slotted flap on an NACA 65, 3-118, a = i.O 
airfoil section to determine drag, lift, and pitching-moment characteristics for a range 
of flap deflections. Results indicate that combination of a low-drag airfoil and a double- 
slotted flap, of which the two parts moved as a single unit, gave higher maximum lift 
coefficients than have been obtained with plain, split, or slotted flaps on low-drag air- 
foils.  Pitching moments were comparable to those obtained with other high-lift devices 
on conventional airfoils for similar lift coefficients. 
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